The spatial vectorcardiograms of 75 normal subjects have been studied and some features of these records are described. The QRS st and T st-loops were found to have only two basic spatial configurations but with a variety of orientations thus giving widely different planar projections and in part accounting for the wide range of normal electrocardiograms. The significance of this and other findings is discussed and certain concepts pertinent to the study of the vectorcardiogram are presented.
general impression of the normal as recorded with the tetrahedral reference system of Wilson and associates'4 and should by no means be construed as a complete description of all the possible variations that might be encountered in normal people under many different physiologic circumstances. This report is also intended to present certain aspects of the general problem of vectorcardiography, including a discussion of the reference system employed in these studies.
MATERIALS AND METHODS
Studies were made on 71 male and four female medical students between the ages of 22 and 33 years who had no evidence of cardiovascular disease. A teleoroentgenogram of the chest was obtained for each subject, and careful fluoroscopic examination of selected subjects was performed to determine, insofar as possible, cardiac position.
Electrocardiograms, including the standard limb leads, unipolar limb leads, precordial leads V, through V6, and a unipolar lead from an electrode placed 3 cm. to the left of the seventh dorsal vertebra (VB), were obtained for each subject when the vectorcardiogram was recorded. For the purpose of evaluating the efficacy of vector analysis from electrocardiograms, leads I and VF and leads VB and VF, representing the components of the frontal and sagittal projections of the vectorcardiogram, were recorded simultaneously at the conventional electrocardiographic film speed of 25 mm. per second and at a film speed of 50 mm. per second. Leads I and 111, II and III, and VR and VL were also recorded simultaneously at conventional film speed.
Spatial vectorcardiograms (sVCG) were obtained with the use of the equilateral tetrahedron as a reference system. In this system the Einthoven triangle constitutes the frontal plane, and the re- Each of the plane projections, the stereoscopic photographs and the models was inspected, and the contour of the QRS and T sE-loops, their relation to each other, and the directions of rotation were noted. The "axis" or the "maximal vector" of the QRS and T sE-loops, which is indicated by a straight line drawn from the origin of the respective loop to its most distant point, was measured in millivolts in the frontal and sagittal projections. Their position in a triaxial reference frame applied to these planes was also noted. In the case of the left sagittal plane, the i 180 degree axis of the triaxial reference system was placed anteriorly. In addition, the maximal extent of the left sagittal plane projection posterior to the isoelectric point was measured in millivolts.
Rotations of the QRS and T st-loops about their maximal longitudinal axes were defined in the following manner. The equilateral tetrahedron is visualized with its frontal plane vertical. A line is drawn horizontally through the terminus of the maximal vector and perpendicular to it. Whenever the vector is vertical, the line must also be parallel with the lead I axis of the tetrahedron. This line is considered to be the zero axis of a triaxial reference system whose origin coincides with the terminus of the maximal vector. The triaxial reference system is perpendicular to the maximal vector, and its zero axis lies to the right of an observer viewing the vector from its terminus. In practice, the loop is visualized with the terminus of the maximal vector facing the observer, and the position of the ascending and descending limbs in the triaxial reference system is noted.
Because of reports indicating that spatial vectorcardiograms can be utilized to predict the form of the precordial leads 8, 13 or that some characteristics of the spatial vectors can be inferred from the precordial leads,'8 63 of the records in which the superior projection was technically satisfactory were subjected to such analysis. This was carried out by marking the approximate anatomic position of the six conventional precordial electrode sites on a diagrammatic cross section of the human chest. Each of these points was connected by a straight line to a point at the center of the chest, as shown in figure 1A . Perpendiculars were then drawn to each of the lines, as shown for V, in figure 1B The number of spatial vectorcardiograms encountered with each of the orientations shown Wvas as follows: (A) 13 "type 1" QRS sE-loops, 10 T sE-loops associated with "type 1" QRS sE-loops. (B) 33 "type 1" QRS sE-loops, 36 T sE-loops associated with "type 1" QRS sE-loops, and four T sE-loops associated with "type 2" QRS sE-loops. (C) Three "type 1" QRIS sE~loops, seven T sE-loops associated with "type 1" QRS sE-loops and two T sE-loops associated with con- tour to that shown in figure 3 but which is oriented differently about the transverse axis, being rotated posteriorly with respect to the usual normal record.
3. Orientation about the Longitudinal Axis: Figure 8 diagrammatically summarizes the variations in orientation about the longitudinal axis which were encountered in this series of records. In this figure a paper strip is intended to represent the QRS sf1- or records enclosed an area in the first and second sextants of the triaxial reference system and located behind the isoelectric point. All of these loops tended to enclose single plane areas, the upper surface of which in six records was directed toward the left shoulder of the Einthoven triangle, in two records was directed toward the right shoulder, and in one record was essentially perpendicular to the frontal plane. A frontal stereoscopic view of a record typical of those of type 2 is shown in figure 12 .
The T sE-loop Because of the known influence of ventricular depolarization on the order of repolariza-tion, the respective T s:f-loops of the records divided into types 1 and 2 on the basis of similarity of the QRS sf1-loops wvill be described separately.
The T sE-Loops Associated with Type 1 QRS sE-Loops rThe most common form of the T sf1-loop is a narrow elliptoid figure which is traced more slowly in its efferent than in its afferent portion. A frontal stereoscopic view of a representative normal T sf,-loop is shown in figure 3 . A summary of the measurements obtained is included in table 1. Orientation about the Anteroposterior Axis. The direction of the maximal T vector varied between 0 and +84 degrees in the triaxial reference system of the frontal plane. Figure  13 shows the magnitude and direction of the maximal T vectors in the frontal plane.
Orientation about the Transverse Axis. Variations teristic is shown in figure 15 . A quantitative study of the position and magnitude of displacement of the junction was not attempted for the same reasons that a detailed study of the P st-loop was not carried out. However, it should be mentioned that, when discernible, displacements varied in space and were not confined to one plane projection.
Relation of the Spatial Vectorcardiogram to
Precordial Leads Sixty-three of the records w-ere utilized as outlined under "Methods" to predict the form of the precordial electrocardiogram. Figure 16 shows the superior plane projection of a vectorcardiogram superimposed on the reference system used to indicate the precordial leads, the precordial leads predicted from this projection, and the precordial leads actually re- corded from the same subject. Note that R' waves are present in leads V1 through V4 which were derived from the vectorcardiogram, but not in the precordial leads which were actually recorded. Detailed characteristics of form and magnitude were not successfully predicted in any of the records analyzed. In 19 subjects large S waves were predicted in the left-sided chest leads, whereas no such waves were present in the precordial leads actually recorded. In frame is described for 75 normal medical students. Undoubtedly, these observations are of limited value to those employing other reference frames for recording the vectorcardiogram. In view of the great need for a single spatial reference frame for more or less general use in spatial vectorcardiography, it was considered that the equilateral tetrahedral refer- FIG . 16 . Tracing of the superior planar projection of the QRS sE-and T sE-loops of a spatial vectorcardiogram shown in relation to the approximate anatomic location of the precordial leads. The precordial leads predicted from this view of the vectorcardiogram and the precordial leads actually recorded from the same subject are shown. Among the differences noted are the R' waves present in leads V1 through V4 of the predicted precordial leads which are not present in the precordial leads actually recorded. 10 subjects, large R' waves were predicted in the precordial leads to the right of the transition zone, whereas no R' waves were present in the recorded leads. Since this pattern is considered abnormal by conventional electrocardiographic criteria, the spatial vectorcardiogram as used in this analysis must be considered inadequate to predict the form of the precordial leads.
DISCUSSION
The spatial vectorcardiogram obtained with the equilateral tetrahedron as the reference ence system of Wilson and associates offered many advantages over the others and no disadvantage not inherent in all of them.
Among the advantages of the equilateral tetrahedral reference frame are: (1) Only one more electrode position needs to be added to the three already employed for recording the three standard leads. (2) All electrode positions are accurately and readily duplicated in serial recordings. (3) The electrodes are simple to apply and are easily retained in position. (4) Existing experience and knowledge obtained for the generally accepted equilateral triangle of Einthoven can be readily applied to any or all the plane surfaces of the equilateral tetrahedron because these too are equilateral triangles.
The disadvantages common to all reference frames, including the equilateral tetrahedron, are due to the fact that: (1) The electrode positions are not truly remote. (2) The conducting medium of the body is not electrically homogeneous. (3) The electric dipole of the heart is not a single point source. (4) The electrode positions are not equidistant from the potential source.
Without entering into detailed analysis of the advantages and disadvantages of the various spatial reference frames, we are of the opinion that, although the equilateral tetrahedron is not ideal, it is superior to any others considered to date. It appears to us that it is advantageous to exploit as much knowledge as possible from electrocardiography, at least during the developmental phase of vectorcardiography, and the equilateral tetrahedron offers definite advantages in that regard.
During the early phases of these experimental studies, considerable difficulty was encountered in identification and interpretation of normal spatial vectorcardiograms. The normal plane projections were so variable that it was impossible to recognize with certainty a normal record and to differentiate a normal record from an abnormal one under study at the same time. This difficulty was overcome to a large extent when it was found that the normal spatial vectorcardiograms could be divided into two As indicated by Duchosal, 22 the "electric dipole" of the heart shifts during the cardiac cycle and during respiration, not only because of events related to variations in the order of electric processes within the heart but also because of shifting of the heart within the chest as it beats. The influence of this changing position 6. The T st-loops of these subjects also showed only two basic forms (elliptoid and circular) but had wide variations in orientation.
7. The relation of the precordial leads to the spatial vectorcardiogram was studied, and it was concluded that detailed characteristics of the form and magnitude of the precordial leads cannot be inferred from the vectorcardiogram. 8 
